Integral composite fuel tank refers to that the main key parts or the all force components are made of composite and participate in the whole force acting on the wing. Fully comprehensive utilization of the wing structure can be made by the use of integral fuel tank structure. And the weight could be reduced drastically by the use of composite. Although the composite material has so many advantages, it has a lower conductivity compared with metal which can easily cause the accumulation of electrostatic charges and may lead to fire or explosion as a result of that. So, the design and assessment of electrostatic safety of the integral composite fuel tank seem to be a so important task that even the airworthiness regulations have made requests. In this paper, the background of the fuel tank electrostatic safety had been illustrated, and the necessity of the assessment of such kind of tank had been demonstrated. At last, the test items and assessment ways had been discussed.
INSTRUCTION
When aircraft is in flight, the fuel in the fuel tank is always in a state of vibration. The continual relative movement between the fuel, the tank wall and other internal parts of the tank and agitation in the fuel itself will cause generation and accumulation of electrostatic charges. The lower conductivity of jet fuel and composite material _____________ compared with metal causes slow leakage of electrostatic charges. When the accumulation of charges achieves to a certain degree, it's possible to produce ESD spark and the spark will become ignition source. In order to prevent electrostatic disaster, the electrostatic protection design should be done and the effectiveness should be verified.
THE RESEEARCH BACKGROUND OF FUEL TANK ELECTROSTATIC SAFETY
According to the FAA, since 1959, there are 18 aircraft fuel tank explosion accidents occurred, resulting in 542 deaths, 11 aircrafts damaged completely and 3 aircrafts' important parts destroyed. The reason for the explosion is that the mixture of jet fuel steam and air above fuel level is lit. 4 of the 18 accidents were caused by ESD [1] . Now, let's talk about composite material. It's a new kind of material risen in the 1960s [2] . It has superior mechanical properties and is easily formed integrally. The weight of aircraft can be dramatically reduced at least 20%~30%, the elastic properties of the aircraft can be improved and the flight performance can be increased by use of it, whose advantages are unable or difficult for other kinds of materials to achieve. Although the composite material has so many advantages, it has a lower conductivity compared with metal which can easily cause the accumulation of electrostatic charges and may lead to fire or explosion as a result of that. So, the design and assessment of electrostatic safety of the integral composite fuel tank seem to be a so important task that even the airworthiness regulations have made requests.
At the mention of airworthiness regulations, it has to admit that the FAA has instituted the world's most perfect ones [1] , which were adopted by the largest international civil aviation organization-IACO and were the basis of airworthiness regulations of other countries. EASA, the largest civil aviation organization in Europe also keep close cooperation with the FAA. With continuous amendment and perfection, CCAR25 R4, the current valid version of CCAR25, is basically equivalent to the FAR25 and the amendments for them both can be synchronous. No matter which kind of airworthiness regulations is used, the fuel electrostatic safety always has its place, such as the 25.981 in FAR25, the AC25.981-1C and the 25.899 in CCAR25-R4. Through the above airworthiness standards, although there are no clear test and evaluation methods, but static security of composite fuel tank must be assessed and verified through tests.
THE STATIC SECURITY ASSESSMENT METHODS
The electrostatic safety assessment test objective and items should be analyzed and determined according to the actual condition of the integral composite fuel tank. After that, test objects, locations, parameters, the shape and size of samples and equipment should be determined. And the outline should be determined at last of the preparation phase. At the end of all test items, deal with and evaluate the test data to get the final results. Several kinds of methods will be illustrated in the following content.
According to the Electrostatic Potential
In order to verify and assess electrostatic safety of composite integral fuel tank, two tests that are translation and shake should be done to both composite tank and metal tank under the same amount of oil, grounding condition, frequency and rate. The selected positions which should have high electrostatic potential, charge density and risk of discharge must be able to embody the distribution of static.
It should be emphasized that if the size of the tank used in the test is different from the actual size used in the aircraft, there may be some difference exist between the test results and the actual ones. Although， the distribution of static potential can meet the Laplace equation:
U( ) 0 S  (2) S stands for "Ground surface" and its potential is "zero". Assuming that (x1, y1, z1) is an arbitrary point in the sample tank used in tests, and (X1,Y1,Z1) is the corresponding point in the actual tank, the relationships between (x1, y1, z1) and (X1,Y1,Z1) meet the equations: x1KX1, y1 KY1, z1 KZ1, in which K is a factor equal to 1 3 the volume of the sample the volume of the actual tank
Assuming that charge density ρ is a constant, the relationship between U (x1, y1, z1) and U (X1,Y1,Z1) is U (x1, y1, z1)  K 2 U (X1,Y1,Z1) . So, the electrostatic potential of the point in the sample tank is K 2 times as many as the potential of the corresponding point in the actual tank.
But, the charge density is not always a constant, whether the tank is in translation or shaking, or the size of the tank is changed, or the above two aspects happen together. It will be a complex nonlinear variable. If the metal part of the composite tank isn't earthed, the second equation won't work and the boundary conditions will become quite complicated. In conclusion, if the size changes, the potential can't easily be the product of K2 and that of the original size. So, the equations above could only be used to predict the trend of the distribution and change of the potential. In general, the comparison of the potential test results between the composite tank and the metal tank is considered to be meaningful and effective, because after years of using metal tanks, electrostatic fire accidents have never happened.
According to Electric Properties of Materials
The electrostatic accumulation and discharge capability of materials could be reflected by the electric properties tests. Electric properties of materials include the volume resistance and volume resistivity, surface resistivity and surface resistivity, dielectric constant and electrostatic decay time constant. In order to assess the electrostatic safety of the tank comprehensively, the electric properties tests should be done to the jet fuel, the composite materials in different conditions (such as temperature, humidity and kinds of coating, etc.) used in the tank. The charged situation and potential range of different conductivity or volume resistivity materials are shown in table I [3] . Table I . Charged situation and potential range of differet conductivity or volume resistivity materials. Materials charged condition and general electric potential range could be known by comparing the tests results and the value in the table. In all of the electric properties, electrostatic decay time constant of material which reflects the length of time needed for electrostatic leakage is an important one to measure material antistatic capability. High voltage potential and strong electrostatic discharge caused by accumulation of electrostatic charge is easy to be formed on a material with a large electrostatic decay time constant, owing to a long period of time needed for electrostatic leakage. There are three kinds of methods usually used to measure the electrostatic decay time of materials: triboelectric charging, corona spray charging and charged charging. Triboelectric charging method is close to the way a material is charged in actual use, so, it could reflect the triboelectrification and electrostatic decay ability of the material comprehensively. But as a result of the influence of the sequence of triboelectrification, the way of triboelectrification, the standard material and the temperature and humidity of the environment, the repeatability of this method is poor. Corona spray charging method is simple to operate and repeat, and test voltage and polarity can be artificially controlled. But, for different samples, the quantity of charge can be different, some materials even could not be charged in this way. The last method introduced above is appropriate for homogeneous material, but not for composite material [4] [5] [6] . In conclusion, it's important to choose a suitable way for a certain material.
According to Minimum Ignition Energy and Static Spark Energy
Measure the minimum ignition energy of the jet fuel used in the tests and the capacitance value of the potential test points used in the electric potential tests as mentioned above. Then, value of the limit potential U max can be deduced from the formula: Umax  (2Wmin / C) 1/2 . If the potential values of the test points are lower than the limit potential values, it could be deduced that there is no risk of electrostatic discharge ignition.
In addition, the electrostatic discharge energy could be deduced from the formula W  U 2 C , if we get the potential and capacitance value of the test points. Then, the calculated results will be compared with the minimum ignition energy of the jet fuel. If the former is lower than the latter, it could be deduced that there is no risk of electrostatic discharge ignition.
CONCLUSION
The electrostatic safety design and validation of the integral composite fuel tank is an important content in aircraft design, airworthiness certification and assessment. The
